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Introduction
Communities all over the world recognize that managing urban stormwater is challenging under the best of conditions. Water quality issues, includingoil, heavy metal, and salt contamination, and quantity issues, allderive from increasing impervious surfaces. Projected increases in intensity of rainfall events due to climate change may exacerbate these challenges. Methods to understand stormwater management have been explored (Pahl-Wostl, 2007; Brown,2005; Koo et al, 2012) . However, traditional ways of viewing stormwater still emphasize individual or municipal/governmental management of stormwater, and generally treat stormwater as a simple waste product to be removed as quickly as possible. These ways of viewing stormwater deemphasize some of its characteristics, such as the tendancy for downstream users to be impacted more severely by stormwater issues, and for upstream users' actions to be more impactful. Traditional ways of understanding stormwater also make it difficult to conceive of how knowledge about and acceptance of new stormwater management techniques might pass between individuals, and how social connections might be used to increase acceptance and use of stormwater management techniques.
Increased acceptance and use of decentralized stormwater management techniques by homeowners at their own scale may save municipal governments from difficult expenditures, or from having to address damage from stormwater. If homeowners can be helped to recognize the benefit of implementing effective stormwater management, the need for expensive government solutionsor regulations may be reduced. Further, if homeowners educate each other about the practical impacts of improved stormwater management, this mayalso decrease therequirement for local government to act, may reduce overall flooding, and may empower decentralization and improved efficiencies. Relevance to the public and adaptation to local context are key factors in increasing diffusion of alternative techniques for stormwater management (Morison and Brown, 2011) . However, how this might occur and how this might be fostered in practice have not been investigated in detail.
To this end, this paper introduces a well-accepted concept from other fields and applies this concept to stormwatermanagement. "Public good provision" is aconceptthat will help identify elements for improved stormwater managementto benefit a community. This leads to an investigation of how communities can invest and work together to manage stormwater. First, we discuss a general background of stormwater management techniques, including present challenges to stormwater management and current ways to address these, such as Low Impact Development (LID), and stormwater management issues projected to be compounded due to climate change. Part two of the paper introduces the concepts of Public Good Provision (PGP), and discusses how these concepts can be applied to better understand stormwater management as a whole. Part three summarizes surveys completed in Somerville, MA regarding stormwater management that give some hints as to the implementation of theory in the field. Finally, part four details recommendations for how theory from public good provision research can be used to improve stormwater management in real cities such as Somerville, Massachusetts.
Background

Urban Drainage Challenges
Drainage systems to manage stormwater runoff are a major component of urban infrastructure. Traditional approaches to stormwater management divert the runoff into open channels or closed conduits which discharge into water bodies, removing the water as rapidly as possible. This paradigm impacts both hydrology and water quality; the quality of urban runoff can approach that of untreated human sewage, especially for total suspended solids and nutrients (Metcalf and Eddy, 2002) .These conventional approaches are a primary cause of urban catchment degradation (Walsh et al., 2012) . Thus even if infrastructure is in perfect condition, urban runoff transmitted directly through the system to surface watersresults in contamination.
In addition, when drainage systems fail or are undersized for a given storm, flooding may result in extensive property damage as well as public health, hydrologic/erosion, and water quality problems. As stormwater infrastructure ages, these problems will grow (NAE, 2009; ASCE 2013) .
In older cities, sanitary sewer lines and storm drains are often combined. Under low runoff conditions, these "combined sewers" transmit the runoff together with sanitary sewage to the wastewater treatment plant, resulting in improved water quality. However, under wet weather conditions, water in excess of system capacity can result in combined sewer overflows or CSOs -raw sewage mixed with rain water discharging directly into surface water bodies.
These potential impacts demonstrate how crucial it is thatlocal policy makers, such as municipalities in the US or Communauté de Communes in France,properly manage stormwater in urban areas. In recognition of this for example, national governments are modifying the regulations related to stormwater management: the US government has placed urban areas under increased regulatory pressure to better manage stormwater, with programs designed to require improvements to both quality and quantity of stormwater, for example, the EPA's National Pollutant Discharge Elimination System (USEPA, 2012); the French government has entitled local governments to levy taxes on land owners on the basis of impervious areas (CGCT, 2011).
Low Impact Development
Newer approaches to stormwater management attempt to more closely mimic natural hydrologic systems, attenuating runoff volumes and peak flows. Known as Low Impact Development (LID), these techniques strive "to manage stormwater as close to its source as possible... preserving and recreating natural landscape features, minimizing effective imperviousness to create functional and appealing site drainage that treat stormwater as a resource rather than a waste product" (USEPA, 2013) . LID techniques are also effective in reducing the pollution loads from runoff and may have added aesthetic and recreational benefits. LID can be more cost effective than conventional techniques (USEPA, 2013; Roseen et al, 2011) . Their efficiency in reducing runoff has been shown to be significant in new neighbourhood development, when using Land Suitability Analysis (Wang et al., 2010) .
LID techniques include (USEPA, 2013):
• Conserving open space (including cluster development, open space preservation, reduced pavement widths, shared driveways, and reduced setbacks (shorter driveways));
• Increasing infiltration (including infiltration basins and trenches, porous pavement, disconnected downspouts, rain gardens and other vegetated treatment systems);
• Storing Runoff (including parking lot, street, and sidewalk storage, rain barrels and cisterns, depressional storage in landscape islands and in tree, shrub, or turf depressions, green roofs, and underground storage in vaults);
• Altering Runoff Conveyance (including eliminating curbs and gutters, creating grassed swales and grass-lined channels, roughening surfaces, creating long flow paths over landscaped areas, installing smaller culverts, pipes, and inlets, and creating terraces); and • Low Impact Landscaping (including planting native, drought tolerant plants, converting turf areas to shrubs and trees, reforestation, encouraging longer grass length, planting wildflower meadows rather than turf along medians and in open space, and amending soil to improve infiltration).
Given the many added benefits of these practices under stable climate conditions or climate change (Grimm et al, 2008) , LID may be among the most promising alternatives for storm water management. Conventional approaches are generally designed for single large storms, such as 10-or 100-year events,but do not have the water quality benefits of LID. LID techniques also provide more open, green space in communities, aid in green house gas mitigation,and provide other socialand environmental benefits, such as reduced Urban Heat Island effect, better air quality, and higher property values.
Unfortunately, implementation of these techniques has not been widespread. Not only are there extra technical and construction obstacles to be overcome in heavily developed areas, there are also institutional and social challenges due to the nature of stormwater itself.
Climate Change Impacts and Adaptive Planning
Present and future management of urban runoff is made more complex by projected long-term anthropogenic climate change. The Intergovernmental Panel on Climate Change (IPCC) and others report that increased precipitation and extreme events are expected in most regions of the world (Bates et al, 2008; USGCRP, 2009) . Using frequency analysis of daily data from Generalized Circulation Models, Kharin et al (2007) predicted changes in the amount of precipitation for the 20-year, 24-hour storm. The multi-model median showed 5 to 10 percent increases by mid century, and 10 to 15 percent or greater increases by end of century over the continental USA. Using a similar method, Powell (2008) developed plausible scenarios of the extreme design precipitation for the Somerville Massachusetts case study area using the Special Report on Emission Scenarios (SRES, Nakicenovic and Swart,2000) of B1, A1b, and A2 and the output of 20 General Circulation Models (GCM). Median increases to the 10-year, 24-hour storm in 2100 were projected to bebetween10 % and15%.
With similar changes occurring around the world, many current stormwater collection systems, already undersized and stressed by existing conditions, are not equipped to handle these changes (NAE, 2009; Semadeni-Davieset al, 2008) and additional capacity is required to deal with this increased excess of water (Hamin and Gurran, 2009 ). In addition, models indicate that populated river basins all over the world will experience discharge changes (Palmer et al, 2008) , resulting in an increased sense of urgency to not only address stormwater management but to operationalize how best to manage water resources.
Climate change calls for a paradigm shift in stormwater management (Milly et al., 2008 , PahlWostl et al., 2007 .The current method of simply collecting and draining water as quickly as possible may reach the limits of sustainability. Due to their larger proportion of impervious surfaces, urban areas in particular will experience greater flooding and greater need for improved stormwater management (Ashley et al., 2005) . Urbanized coastal areas, such as New England and Greece, are particularly vulnerable (Kirshen et al., 2008; Bosello et al., 2012) . Updating infrastructure is costly, especially in urban environments. However, finding funding to maintain existing stormwater infrastructure is difficult (ASCE, 2013) , constructing purposefully oversized stormwater conveyance or treatment to prepare for uncertaintieswould be even more challenging for communities to approve and fund, even if a potential alternative is to suffer even more costly damage. Besides, the crowding and chaos of networks and infrastructure currently residing under urban streets often leaves minimal space for expandingpipe diameters or adding new infrastructure.
The uncertainty of the future climate is a major challenge of proactive adaptation planning for stormwater management (WERF, 2009 ). However, climate uncertainty is far from the only challenge, to this is added population growth, land use change, and technological innovation.
Therefore, stormwater management planning requires developing actions that are robust over time and space (functions acceptably well under all future uncertainties and risks), integrated in urban planning (Cettner et al., 2013) and/or flexible and adjustable (implemented as biophysical and socioeconomic conditions change). Planning should (Kousky et al., 2010; Stakhiv, 2011; Brekke et al., 2009; Lempert and Groves, 2010; NRC, 2009; Yohe, 2009 ):
• include no-regret (valuable even without climate change) and co-benefit (valuable to multiplesectors) actions, such as green roofs that decrease runoff and increase air quality meanwhile (Mees et al., 2013) ; • be integrated with sustainability planning to respond to other pressures on the region, greenhouse gas (GHG) mitigation, and a portfolio of approaches for multiple levels of safety; • be evaluated with multiple social, economic, and environmental criteria;
• respect equity and adaptive capacity needs;
• be adaptable to a host of future potential weather conditions and climate scenarios; and • employ adaptive management as needed. Additionally, besides major decision-makers alreadyinvolved, local stakeholders must be integrated into the planning process in order to better take into account their goals and values, and to plan for better implementation and long-term management (Redmond, 2003) Plans should include actions meant to frame or orient local stakeholders' behavioral patterns, integrating these into the planning process to increase the efficiency of these actions.
There are two types of plans in an adaptation strategy.
• "Here and Now" actions, for new projects or presently threatened areas, should include climate change adaptation in the initial design. Incremental construction costs are relatively low compared to retrofit costs under the present climate.
• In "Prepare and Monitor" actions implementation does not take place now because uncertainties are too high and/or present threats are low -but options are preserved and actions taken when a trigger point or threshold, determined as part of the adaptation planning process, is reached (Douglas et al., 2013; Brekke et al., 2009 ).
Low Impact Developmenttechniques areimportant candidate toolsforclimate change adaptation planning. They can overcome constraints for main infrastructure development such as the need for space and high costs from local authorities. These techniques can be included as part of a flexible, adaptable plan with many co-benefits. As urban stormwater management in many areas could use immediate improvements, LID techniques can be fitted into no-regrets and here-andnowtype actions. LID can also be targeted for expansion or alteration as required to address action plan "prepare and monitor" trigger points, such as those associated with increasing rainfall, increased population, land use changes, and more. LID is flexible, can be developed as necessary, can be quite cost effective (Saravanapavan et al., 2013) , and can be easily combined with other stormwater management techniques to form a comprehensive regional and local strategy.LIDs can also generate benefits regarding other urban water managementissues, such as water availability (Walsh et al., 2012) .However LID implementation requires the active involvement of a large number of property owners, raising new difficulties.
Institutional Challenges
Although stormwater management is generally seen as a local management issue, municipalities do not generally invest significantly in stormwater unless local residents and businesses directly need drainage management (Welty et al, 2007; Adger et al, 2005) . Even when efforts are made, effective management is difficult because of:
• limited available funding,
• drainage not being perceived as a key municipal service, such as trash collection,
• stormwater management being spread among various departments with lack of coordination and limited land use management responsibilities,
• difficulty in developing a comprehensive view of stormwater management issues involving governmental, business and private land owners (Welty et al, 2007; Parkinson, 2003) , and • interjurisdictional network of infrastructure causing downstream impacts based on management practices of upstream municipalities.
Stormwater utilities or partnerships can help address these challenges. Through a stormwater utility, user fees offset costs associated with managing and implementing regional stormwater quality and flow management (Welty et al, 2007) . For instance, some utilities charge land owners by the amount of impervious surface; fees increase as owners pave more land. Stormwaterutilities allow users to internalize some of the external costs of increased paving.Some utilities have been successfully implemented, while other areas have found the process politically daunting (Bowen, 2003; American City & County, 2007.) . Education and outreach to residents is considered a priority in successfully developing a utility as a funding source (Brisman, 2001 ).Another approach is watershed partnerships or specific stormwater management institutions, as in Cleveland, Ohio (Hardy and Koontz, 2010) ,that support municipalities indevelopingeffective ordinances for stormwater management. Such partnerships can increase interaction, providing a framework for municipalities to communicate technical issues to residents and, in turn, for residents to communicate their constraints to policy makers.
LID can be implemented on public or private land. For example, a local or regional authoritymay implement LID in public-owned parking lots.Local governments and states could mandate drainage standards for new development. It is more difficult to mandate or encourage individuals to implement LID for existing development. In all cases, proper implementation requires support from individual stakeholders.
Stormwater Management as a Public Good Provision issue
In this section, we will investigate the ways in whichliterature about public good provisions and similar social dilemmascan informinstitutional issues raised by LID development for stormwater management. The public generally sees benefits from 'public goods,' and those who pay for the upkeep or the provision cannot keep others from also benefiting (low excludability), but these additional benefiters do not reduce the benefits received by all (low subtractability). However, these goods are not gifts and need effort to be produced and/or maintained. Examples of public goods include clean air, street lighting, and fireworks displays. The common issue with public goods is then related to decay due to too low a level of provision and maintenance because no one feels incentive to contribute.
Stormwater management to protect against floods due to excess stormwater runoff fits the characteristics of public goods, including low excludability and low subtractability (Ostrom et al., 1994) . The population concerned about a watershed receives benefits when infrastructure is constructed toefficiently reducecontribution of a piece of land to runoff: includingeither lesser flood riskor a lesser need to contribute to runoff reduction. It is difficult to sort out this population and protect only those who contributed monetarily to the infrastructure construction. Protection then is not directly dependent on the population concerned; a stakeholder who profits from flood protection does not impact another stakeholder's protection. This is low subtractability. In addition, without actionable regulations, it is difficult to penalize an individual practice contributing to increased runoff. This is low excludability. Thus stormwater management provided through public infrastructure, including protection of community against flood, is a kind ofpublic good.While encouraging the use of LID, the regulations governing stormwater management in Massachusetts, our case study area, provide no mechanismsfor addressing these issues (MEEA, 2008) .
In stormwater management, obtaining support from individuals for proposed investments can be difficult because collective action is necessary and free-riding is easy and tempting: since investments in LID take place at plot level costs are primarilyindividual (at land owner level)whilebenefits are collective. Stormwater management with LID techniques is then a typical social dilemma characterized by distributed provision of a public good, since the entire concerned population can potentially contribute. Hence, the scope of possible individual costs increases along with the possibilities for free-riding. These types of social dilemmas have been extensively analysed through experimental and institutional lenses (Ostrom et al., 1994; Janssen and Ahn, 2006) .
Considering water management as a social dilemma is not new. Many pioneering works on social dilemmas deal with water management, such as irrigation (Ostrom, 1992) or drinking water supply (Blomquist, 2001 ). More recently, water quality has been analysed with this conceptual framework as well (Sarker et al., 2008) .
Stormwater management infrastructure has been less considered as a social dilemma, unless as a part of a whole water system (van de Meene et al., 2011) . The individual landowner may deny the impact that his or her property has on the quality and quantity of stormwater in the area, or may believe that impact to be negligible. This problem is compounded by the usual practice of stormwater management being funded by the general tax base, resulting in invisible costs and few incentivesfor individual action. LID techniques allow revision to this usual practice because managementis not solely provided at a collective level,funded only by taxes, but also by each land owner's individual action Even though aninstitutional setting to prevent free riding and to generate benefits for the whole community has to be tailored to context, examples coming from other places and times can help the search for solution to the social dilemma ofstormwater management with LIDs. There is no a priori solution. A recent meta-analysis of urban water management case studies in Australia completed by expert interviews showed a trend towards hybrid governance including hierarchical, market, and network components (van de Meene et al., 2011) . Another recent comparative analysis focusing on green roof adaption in cities put hierarchical arrangements at a higher level (Mees et al., 2013) , mainly for framing the conditions of development and for ensuring fairness and stability. Interactive arrangements are reported in one case with a utility to promote the innovation.
A meta-analysis of several long enduring common pool resource management case studies (Ostrom, 1990) , reveals some basic principles required for effective common pool resource (CPR) management, another type of social dilemma.Butmany of these principles are not relevant for public good provision, like flood protection,and public goods are reported to be a more difficult social dilemma than CPR management (Sell and Son, 1997) . Greenaway et al(2006) suggest that the 'norms of practice and knowledge development' of the public can strongly influence stormwater management. Norms influence stormwater management not only indirectly, through influence on local officials, but also directly through residents' own individual on-site stormwater management practices. In this way, stormwater management shares common features with littering: contribution to the common good is through limiting one's production of either runoff or litter on the public space. Recent studies on littering have shown that environmental participation and membership in environmental organization increase anti-littering behaviour (Torgler et al., 2008) .Encouraging active stakeholder participation in environmental organizations or in planning could be an answer.
An example of local and regional stormwater management, framed as a public good, may serve better than pure theory or analogy to illuminate the benefits of framing stormwater management in this way.
Case Study
Case Study Background
As discussed above,stormwater management can be challenging. There are, however, possibly effective responses to the challenges. To investigate these responses, researchers must first understand how local officials and residents think about LID under present climates, and then project how they might feel under changed climates. The next section addresses these issues in the context of Somerville, Massachusetts, USA providinga case study on how theory actually plays out in a community. The datawill have the secondary benefit of helping municipalities examine the possible roles of LID in present and future local stormwater management.
Somerville is located in eastern Massachusettsneighboringthe cities of Medford (to the north and east), Cambridge (to the west), and Boston (to the southeast). The Mystic River, a tidal waterway up to the Amelia Earhart Dam by Somerville's Assembly Square, forms a portion of the city'snorthern boundary. Alewife Brook forms a portion of the western boundary. Portions of Somerville are within one mile of Boston Harbor on the Atlantic Ocean.
The climate of Somerville is similar to other places in mid-New England, although somewhat tempered by proximity to the ocean. The annual average precipitation is approximately 42.5 inches per year. Average monthly precipitation is fairly constant month-to-month, between 3 inches and 4 inches per month. Precipitation may fall as snow during the winter.
Somerville is a very densely developed urban area. The City is 75,754in population (US Census, 2010), and approximately four square miles in area -resulting in an average population density nearly 19,000 people per square mile. This makes Somerville the most densely populated community in New England (Somerville, 2009 ).
The City's history of urbanization has resulted in approximately 73% of the city's surfaces being impervious (Deshpande and Roden, 2005) , a very high percentage even for a dense urban area and a significant challenge for stormwater management. In addition, Somerville is a combined sewer community, with stormwater and sanitary sewage sharing pipes in many locations ( Figure  1 ). Stormwater runoff and combined sewer overflows (CSOs) are challenges to the water quality in the Mystic River, a highly valued local resource (Somerville, 2007) with boating, canoeing, hiking, biking, and birding opportunities.
A significant percentage of the population is composed of recent immigrants and/or lower income persons. According to the American Community Survey (US Census, 2010a), in Somerville, 32.6% of the population speaks a language other than English at home, 26.8% are foreign born,and 14.7% of families live below the poverty line. This increases challenges related to building community and communicating with residents. Despite the significant language and cultural diversity, the City works hard to maintain effective public input and access to local government (Somerville, 2009 ). For example, in February 2014, the City of Somerville advertised for a new director for the Mayor's Office of Sustainability and Environment (OSE), including tasks such as "optimizing the City's potential for recycling, energy efficiency, waste reduction, greenhouse gases emission reduction, and food composting," and making the City "a place other cities look to for ideas on how to combat climate change and curb the wasteful use of resources."
Our case study site is the Winter Hill neighborhood and the commercial Assembly Square area, which are serviced by the combined sewer system of the Somerville-Medford Branch Sewer (S-MBS, Figure 1 ). We chose this site because the Somerville City Engineer identified this area as already experiencing negative impacts due to climate, i.e., local drainage flooding and combined sewer overflows increasing to the Mystic River. The conveyance system has the capacity to handle the wastewater flow but is "only sufficient to handle storm flows resulting from about a one-year storm" (CDM, 1974) . A storm that occurred on July 10, 2010 in Somerville dropped approximately 9 cm of rain in an hour which caused combined sewage to surcharge into the streets. One woman needed to be rescued from a highway underpass near Assembly Square because the water rose too quickly for her to drive out of the tunnel (CNN, 2010) .
In addition to the wastewater and stormwater generated in the Winter Hill area, sanitary flow and stormwater also enters the S-MBS from several other neighborhoods bordering the area. The Winter Hill and Assembly Square watersheds draining to the S-MBS cover a total area of 2.7 square kilometers. A number of the contributing watersheds have separate infrastructure for stormwater and sanitary sewage; however, all separated stormwater in the watershed drains into the S-MBS. A separate stormwater outfall was never built due to financial constraints. The USEPA regulates stormwater discharge from urbanized areas through the National Pollutant Discharge Elimination System (NPDES). In Massachusetts, NPDES is jointly administered by the USEPA and the Massachusetts Department of Environmental Protection (MADEP). This program requires municipalities to submit periodic permits summarizing actions taken to manage stormwater and associated pollution. Activities such as good housekeeping and public outreach are required. The City of Somerville, as a municipality that operates a stormwater collection system, is subject to these regulations and submits regular reports (Somerville, 2010) . Within Somerville, drainage is managed by the Department of Public Works (DPW). Their regulations require review of stormwater permits for new development and no specific changes to stormwater management for existing development. Stormwater funding comes from the general tax revenue allocated to the DPW. This is consistent with the Commonwealth of Massachusetts Stormwater Management Standards that require peak reduction, infiltration, and treatment of stormwater at new large developments. A new development, planned adjacent to the Winter Hill neighborhood at Assembly Square, also falls under these standards.
In addition, Somerville has developed an "Environmental Strategic Plan," in order to make a "long-term commitment to sustainability and environmental stewardship" (Somerville, 2007) . In the plan, among many other environmental management and adaptation measures, stormwater management is discussed in connection with water quality in the Mystic River. While most of the stormwater projects mentioned are required under the NPDES program (Somerville, 2010) , the Strategic Plan as a whole sets a tone in the City that environmental issues are important to residential quality of life and business development.
Stakeholder Assessment
As discussed above, individualstakeholders, including citizens,businesses and other organizations, are necessary participants in stormwater management action. Theirawareness of community stormwater problemsas well as their willingness to contribute to the community good is akey factor of sustainable stormwater management. To assess these characteristics, in 2009 we conducted interviews of a wide range of people, including representatives from local, state and federal agencies, local non-profits and non-governmental organizations, and residents of the targeted neighborhood. The interviews took place with either one or two team members, and from one to three interviewees from the same organization or neighborhood. We conducted our interviews as researchers affiliated with academic organizations, without the presence of any representative of the city. The Massachusetts Institute of Technology's Institutional Review Board (IRB) approved the interview process.
The interviews followed a general guideline of questions (such as shown in Table 1 ), adjusteddepending upon the interviewee. Due to time constraints, we planned our questions to cover all of the main issues within a single interview. Interviews aimed at understanding the potential role of respondents in provision of a stormwater management public good and the benefits he or she might expect from such public good. Interviews started with a brief description of the research project, and included discussion of:
• Role of the interviewee or of the interviewee's organization/employer in stormwater education or management (if applicable), • Attitudes around climate change, • Knowledge of Low Impact Development (LID) management techniques, and, • Perceptions of obstacles and incentives to implement LID, particularly as an adaptation measure.
These topics are expected to provide information on each interviewees' perception of their stakes in stormwater issues as well as of local salience of stormwater management issues. They inform researchers about interviewees' understanding of stormwater management with LIDs, their capacity to influence others' understanding, and their appraisal of expected efficiency. The interviews were tailored to inform on stakeholders' willingness to contribute to provision of stormwater management public good through individual behavioral patterns at the level of their own land or the land they or their institution manages.
All questions for the residents were open-ended, and included questions in four categories: Interviews were meant as discussions, respondents providing explanations and stories about their experiences.Interviews closed with a request for suggestions of other stakeholders and/or decision makers to interview. This "snowball" approach enlarged the pool of interviewees and the range of perspectives that werecollected.The first interview was with Somerville's city administrator in charge of environmental issues who helped define and contact a first cadre of interviewees. Although this could create bias in theinterviewee sample, this approach had two main advantages. First, it gave us social and political recognition; having an initial introduction from the local government "opened doors" and made some interviewees feel more able to respond. Second, it provided us with an initial list of NGOs who were concerned and active.
We also conducted informal interviews of case study neighborhood residents using a transect method: two researchers walked through the neighborhood on three different days, asking people encountered questions about flood issues and climate change in their neighborhood. The method provided a broad range of views from residents; some intervieweesaddressed only a subset of the questions, for instance if they were hurrying to work.
Our final sample included interviews with six city government representatives, six representatives from the federal and state level, nine representatives from local NGOs, and twenty individual residents. The numbers provided diversity of viewpoints, but are insufficient to conduct any statistical analysis.
Interviewees were classified into four participant types: residents, non-governmental organizations, city government/agencies, and state/federal government agencies. Interviewees at the state and federal levels were grouped due to low numbers of interviews. Wheninterviewees fell into more than one category, comments were considered according to context. An NGO director's comments about personal property within the target neighborhood, for example, were considered with residents' perceptions.Interview responses were grouped into issue areas, such asperception of climate change/adaptation, flooding, and low impact development techniques.
Surveyresults are summarized in Table2. In general, most intervieweesare concerned about climate change andhave observed stormwater flooding. The majority feel positively towards LIDs, which have co-benefits beyond climate change. Table 3 summarizes these views as "Here and Now" or "Prepare and Monitor" as described above in Section 1.3. While residents and City employees seem to remain a bit conservative on action, NGOs and state or federal actors tend to lean towards action.
Perceptions of Climate Change and Adaptation
Each response was categorized as "low," "medium," or "high" for concern about climate change and adaptation. A "low" climate change and adaptation ranking was assigned to individuals who did not expect specific impacts of climate change in Somerville and/or did not expect any significant impacts within a generation. A "medium" ranking was assigned if the interviewee described specific climate change impacts anticipated for Somerville and/or expected significant impacts within a generation. "Medium" ranked individuals did not make any evident adaptations in anticipation of changed climactic conditions. A "high" climate change and adaptation ranking was assigned to individuals like those ranked "medium," but who also indicated change in behavior to adapt to climate change. Climate change mitigation actions, such as driving less, were not considered sufficient to achieve a "high" climate change ranking. "No data" indicates that a particular question was not asked of that interviewee due to time or other constraints.
A substantial majority (more than 70%) of interviewees in all categories believe climate change will have measurable impact on their community within a generation. No interviewees challenged the assertion that climate change will increase the frequency and intensity of rainfall events. The study, however, found little evidence of adaptation-changes in stormwater practice or policy in response to the perceived threat of climate change. As a state official remarked, "Climate change is not being considered anywhere in stormwater management." An initial finding, therefore, is that a shared perception of the reality of climate change is not in itself sufficient to produce a change in stormwater practice.
The study revealed significant variations in perception of climate change between categories of interviewees.
Residents expressed a general sense of disempowerment around altering the course of climate change. "It's happening, but it's hard to make change," remarked one resident, adding "[change] takes everyone doing something." Similarly, several individuals expressed the perception that responsibility for addressing climate change lies with national policy makers. As one resident succinctly explained,"If the government doesn't do something, we're screwed." This attitude shows that some residents perceive their scope of action at the level of handling the consequences of change, not acting at the cause level. As far as stormwater management is concerned, LIDs are still qualified since they are specifically tailored to be efficient at this level.
City officials alsoseem to consider the primary onus of climate change adaptation as lying beyond their own responsibility. One interviewee, for example, described the City's best approach to adaptation as: "Do what we can, and hope that the national and international political actors address it." Another expressed hopes that "stormwater experts" were devising adaptive stormwater management systems adequate to meet the needs of changed climactic conditions, saying the "whole engineering profession has to look at it." A third City employee echoed this NGO perceptions of the City's approach to climate change were moderately favorable. Nearly all interviewees described the City's interest in making Somerville "green." "The mayor gets that there's a lot of potential to be a sustainable city." This same interviewee noted, however, that "there's so much more that they could do," a sentiment echoed by three others interviewed. When asked what the City do to better adapt to climate change, interviewees described more stringent design requirements for new developments and better incentives for individuals and developers to install LIDs. One interviewee explained that it was difficult for the City to garner momentum to adapt stormwater management practice to climate change because intense storms are episodic; concern over flooding wanes and political pressure dissipatesas time since an intense storm increases.
As with NGOs, state and federal officials were selected for interviews based on expertise or jurisdiction over environmental issues. These interviewees' awareness of and concern about climate change adaptation may be biased toward higher levels of concern. One individual in this category seemed to summarize all of the interviews, describing work on climate change adaptation as "really just beginning." Interviewees in this category report that efforts to implement effective climate change mitigation planning seem haphazard, conducted through informal networks by staff motivated by the topic rather than through formal administrative hierarchies. As an EPA Region 1 employee commented, "we don't even have one full time climate change person, and we've been ahead of the rest of the regions on climate change." When asked what kind of action was most needed, this interviewee described the need to incorporate a climate change framework into all areas of the agency's work. Other needs outlined included sharing climate change science with communities in ways that are "understandable, not paralyzing," and providing communities with tools to understand their own vulnerabilities and incorporate that understanding into planning. As discussed above in Section 1.3, these responses are "here and now,"not "monitor and wait."
Perceptions of climate change and adaptation converge towards a belief that the importance of stormwater managementand the need for adaptation are both growing. Even though no clues were given at this level on how to solve the social dilemma of distributed stormwater management, interviewees mostly agree that the need to invest in this public good current and growing.
3.2.2Awareness of Flooding
An interviewee who could describe a specific flood event was assessed as flood aware; those who could not were assessed as unaware. If specific flood events were not covered in an interview, "no data" were assigned. A majority of residents interviewed (11 of 15 asked) have experienced flooding either in basements or at the street level. Though not explicitly measured, residents seemed to have a generally sophisticated understanding of causes of flooding.
Residents referenced sewer capacity, runoff from paved surfaces, age of the infrastructure, operation of the Amelia Earhart Dam's floodgate, and impact of building on fill as contributors to problems with flooding. For residents, flooding is generally accepted as an inevitable and recurring condition in Somerville, seeming to cause moderate inconvenience rather than significant hardship. Relatively high numbers of individuals in other categories also reported having observed flooding in Somerville [City officials (86%) and NGOs (88%)]. Such moderate vulnerability shows that the initial salience of stormwater management is rated rather low among the interviewees. Involvement in a collective action to provide this public good is hence more difficult to achieve. This raises the need for concerned action groups to be involved in educating the public and in getting people involved in a collective action process.
3.2.3Resident Attitudes toward LIDs/Stormwater management
Responses were ranked for perceptions around LIDs (proactive, positive, neutral, mixed, or negative). A "proactive" ranking refers to interviewees who had taken a clear action to increase LID usage (e.g. a resident installing a rain barrel; passing stormwater regulations to require LID). A "positive" ranking refers to interviewees who indicated a generally favorable perception of LIDs but had not taken any action to increase LID usage. An individual who expressed a perception toward LIDs that was neither positive nor negative was assigned a "neutral" rating. Those that indicated a positive perception about particular LIDs but negative perceptions about others were classified as "mixed." Individuals who expressed only negative perceptions about LIDs were assigned a "negative" ranking.
Residents' responses related to LIDs varied significantly, and should be considered with respect to the specific type of LID, rather than LIDs generally. Discussion of specific LIDs follows.
Paved yards and permeable surfaces -
Yard pavingto provide additional parking or the convenience of reduced yard maintenance is a wide spread practice in Somerville, with many small parcels completely asphalted. This reduces the already small amount of pervious surface available for infiltration, increasing the volume of runoff to be managed in the collection system.
We did not interview any homeowner who had paved over their yard. We did, however, talk to several residents who commented on their neighbors' decision to pave yards, and one resident who had considered yard paving. Two residents explicitly linked the decision to pave with a subsequent increase in stormwater management problems, one describing her neighbor's increase in basement flooding after he paved over his yard. In contrast, another noted that for some homeowners, a paved yard could actually alleviate flooding, causing water to flow away from the individual's property, out of the homeowner's concern. Two residents with gardens described an explicit decision not to pave in order to retain space for growing vegetables. We observed many food gardens throughout the study area, and residents described an economic incentive to grow food: "food prices are high; it's much cheaper if I grow my own."
One resident had installed pervious pavers on his property to handle stormwater runoff, and another was considering doing so. For both individuals, the decision to install LIDs seemed to focus on the potential for improvements to their own property. However it remains a limited path to convince people to contribute because direct improvements are rather rarer than costs and constraints induced. The first interviewee installed extensive LIDs, including brick pavers and a perforated pipe through gravel, as part of a renovation to create patio space for entertaining guests. This man spoke quite knowledgeably about climate change and stormwater infiltration. The second was considering resurfacing his driveway with gravel to better infiltrate water discharged from his basement sump pump.
Green roofs-
Although some residents needed prompting to understand what was meant by "green roof", residents expressed a generally favorable perception of the concept. When asked for a reaction to the possibility of a green roof on City Hall, one resident responded, "Great! We should use every square inch, and there's lots of square footage there. Green roofs help keep things cool, and reduce the heat island effect." Another resident described a favorable perception of the green roof on a newly built public school, citing educational opportunities as well as environmental benefits. The only objection raised to green roofs on public buildings was related to cost: "In a good economy, that's great, but otherwise the City should have other priorities." This same resident commented that the City should target large private developments which have more resources for green roof installation, referencing the new commercial development in Assembly Square and the new grocery store in her neighborhood.
When asked about converting their own roofs, residents offered mixed responses. One seriously considered installing a green roof over his new addition, but decided the cost was too high and the impact would be too low ("my ten foot by ten foot roof won't make much of a difference"). Others reported that they rent their property, and therefore could not make a drastic change. Here the limits of current institutional frame are pointed out.The people that could benefit from the development of LIDs are not those who have to invest. This also indicates the difficulty of understanding costs and benefits under the current frame. Overall, when all impacts are considered, the neighborhood-wide benefits may exceed the costs potentially incurred by the home owner, but there is no framework to understand, communicate, or share these costs.
Ponds-Few
residents expressed an opinion about rainwater retention ponds. Three expressed skepticism, describing concerns about mosquitoes and loss of park space, and questioning the efficacy of a small pond. One resident was enthusiastic about the potential for a pond in a large public park, though he noted that he rarely visits the park himself and would not be impacted by any negative effects.
Rain barrels-
The City of Somerville offers a discount on rain barrel purchase to residents. We did not encounter any residents who had taken advantage of this program, although the majority reported familiarity with the program. One resident had considered installing a rain barrel, but said his wife did not approve of the expenditure so the rain barrel was not purchased. Another resident indicated his neighbor hadinstalled a rain barrel, however,researchers did not see any such rain barrel at the indicated property. A third resident reported that, even with the discount, the benefits of a rain barrel are not worth the cost. This again raises the issue of cost benefit analysis available to stakeholders. Demonstration of added value at the level of the community could be a way to better appraise this cost benefit ratio and communicate it to stakeholders.
3.2.4Governmental and NGO Views of LID
City officials described the City's rain barrel subsidy program as growing significantly in popularity, selling just 25 barrels when the program began three years ago, and today selling almost thatnumbereach week. Though some interviewees referred to the City's interest in green roofs, such as a potential to install a green roof on City Hall and recent incorporation of a green roof on a new public school, we did not talk to any City official with specific knowledge of either of these projects.
The active NGO community in Somerville plays a significant role in advocating for adoption of LIDs, for example negotiating with the Assembly Square developer for increased on-site infiltration and a green roof on the new Ikea store, encouraging green roof installations at businesses, helping acquire new greenspace for community gardens, and using rain barrels and pervious pavers in manyprojects. NGOs' perceptions of LIDs generally are, not surprisingly, very favorable, though some expressed disappointment that more LIDs are not implemented. NGOs are then good candidates to act as the boundary workers (McGreavy et al., 2013; Moss et al., 2009; Hoppe, 2010; Barreteau et al., 2012) , or improved communication channels across and among groups, for example,able to increase landowners' understanding of suitability of LID development to provide flood protection.
State and federal interviewees' perception of LIDs is generally favorable, though LID implementation is described as needing additional attention to encourage or require communities to maximize use of LIDs. An EPA employee, for example, described a need to create a toolbox of scalable LID projects to aid communities. A state official described the potential for large scale demonstration projects to help tip behavior toward rapid adoption of LID's, stating that "In a development like Assembly Square, they could do so much, like showcase raingardens or pervious pavement. This would play a big role in education." Ironically, the state seems more tentative about implementing LIDs on its own urban properties. "Do you really want to recharge groundwater in a city situation?" asked one state employee, "With basement flooding in an urban area, people's attitude is 'get [the water] out of here.'"
3.2.5Incentives and Barriers to LID for Adaptation
Several perceived barriers emerged repeatedly through interviews helping to explain the difficulty in adapting stormwater management in general to climate change. In addition to the management constraints under existing conditions, such as the lack of clear authority for stormwater management and the sometimes invisible nature of the problem ("It goes down a pipe, literally out of sight, out of mind."), most frequently cited constraints were economic concerns, ranging from the City's weak tax base to individual costs for property improvements to the generally poor economy. One state official distinguished between stormwater management and water/sewer services: "Stormwater is a set of infrastructure with no revenue streams attached to it.Therefore it is easy to neglect, and is underfunded." This is another example of the current institutional frame's misfit for suitable handling of stormwater management. City interviewees were most influenced by costs and by constituent interests ("Boston has a lot of money. Poorer cities like Somerville, Everett and Malden will need Federal money to help us adapt").
Also, interviewees across categories expressed a perception that the potentialeffective responses to climate change are dwarfed by the scale of the problem. Responses ranged from deliberate avoidance ("There is some danger of looking at it [climate change adaptation] too squarely because the long-view is very alarming") to struggles to understand concrete impacts ("Science on climate change comes in every day like a fire hose. It's difficult to make sense of it and extract what's useful.").
State and federal interviewees seemed most sensitive to the potential for negative publicity, and perhaps preferred to err on the side of non-action. One interviewee described the State's calculation when considering newpolicy, "If we're doing something-like flood proofing to a higher elevation-should we do it subtly differently to reduce the chance of a problem in the media?"
Despite the existence of substantial barriers, many interviewees described incentives or drivers that could prompt implementation of adaptation, particularly for LID. These include awareness of climate change and acceptance of LIDs, agitation inside and outside of stakeholder groups, anactive NGO community committed to sustainability,leadership of individuals in decisionmaking positions, successful models potentially including implementation of LID in the new Assembly Square Mall redevelopment, and anticipated regulation and financial incentives. Quantification of risks in economic termsand clearer science would also be helpful. 
Potential for LID as Part of an Adaptation Strategy for Stormwater Management in Somerville
Distribution of provision of flood protection within a watershed among multiple landowners is potentially a new way to handle stormwater management, providing opportunities to overcome the financial and structural limits of stormwater management based on major collective infrastructures such as an oversized drainage network. However, LID implementation reinforces stormwater management's characteristics of a social dilemma. We investigated the potential to deal with this through a specific case study on the basis of local stakeholders' interviews, as a typical situation of distributed provision of stormwater management.
4.1Challenges to Solve the Stormwater Management Social Dilemma in Somerville
The Winter Hill area of Somerville faces challenges in implementing LID as an adaptation strategy to expected increase of runoff-induced floods. It is densely populated, almost fully developed with small lot sizes and little potential for redevelopment. Somerville has little open space, high percentage of low pervious surfaces, and combined sewers. It has limited funding from general revenues, management must compete with potentially more pressing issues in the City Department of Public Works. There are multiple agencies at different levels of government involved in stormwater management.
Somerville faces hence an acute social dilemma for providing secure stormwater management,that is difficult to fully resolve under current conditions. However analyzing opinions of local stakeholders reveals both the difficulties, and the potential for improved management. Difficulties are somewhat due to attributes of the community, but mainly due to the configuration of the stormwater management action arena (Ostrom, 2005) , if not its mere absence. There is currently no local community of stormwater management, nor any rules in use.
A fortiori, no institution fitting the contours of the set of concerned people, with its own source of revenues is in charge of this issue. Facilitating the emergence of such an action arena, at a suitable scale and with suitable participants is a prerequisite for local institutions in order to sort out the stormwater management dilemma.
The identification of suitable participants is a second issue. Interviews bring to the forefront the necessity to include landowner rather than resident, as renters are not permitted to act structurally on the land or on the house. However landowners happen to be more difficult to reach because they live elsewhere and will not directly benefit from their investment. Attributes of community are a clear handicap in Somerville: lack of financial means, high level of renting among inhabitants, and a large migrant population.
While most residents interviewed were reasonably knowledgeableof LID issues, thismay not be true for the immigrant population in Winter Hill. Recent reviews have shown that some negative impact of migration on resolving social dilemmasmay bein part due to the low social integration in the place of arrival (Curran and Agardy, 2004; Rudel, 2011) . Building new institutions for a more sustainable stormwater management may not only reduce flooding, but may also bridgegaps in social bonds and education. This is an urgent task in Somerville in order to change the institutional frame of stormwater management.
Some Real Assets to EncourageInnovation in Stormwater Management
Beyond these difficulties, Somerville features other positive signs: increasing awareness of stormwater management, redevelopment opportunities, and presence of local NGOs to facilitate knowledge transfer between local authorities and local stakeholders.
Most interviewees, from residents to the Mayor, representatives of the City administration and the government of the Commonwealth of Massachusetts,areaware of climate change and support both adaptation and mitigation measures. Even though the issue of stormwater is not perceived as acute now, its trend appears to be worsening. This makes the issue of stormwater management more salient, motivating potential participants in an action arena related to solving this social dilemma. Salience impacts mental representations and the perceived scope of possible actions (Ostrom, 2005) .At an administrative management level, there appears to be support for LID to manage climate change as well as more pressing present stresses A second positive characteristic met in Somerville is the opportunity for a redevelopment area, in Assembly Square, with a possibility for experimentation and demonstration.Natural experiments as a way of testing and tuning social innovations are increasingly popular (Callon and Muniesa, 2006) . Beyond the simple benefit ofimplementation within the whole complexity of a real-life situation,a natural experiment becomes also part of a social learning process. As far as LIDs and stormwater management are concerned, these experiments would allow (i) checking of assumptions of feasibility and efficiency, and (ii) demonstrating for local landowners and residents the suitability of implementing LIDs. While not overly large and not specifically designed for a changed climate, LIDs tested in Assembly squarewill help create further interest and demonstrate the feasibility of including innovative stormwater management in new local developments, in order to change mental representations of participants in this action arena. This opportunity gives potential for implementing adaptive stormwater management (Folke et al., 2005) cautiously and demonstratively.
Finally, NGOs could improve the possibility of change through raising the salienceof the stormwater management issue for residents and strengthening social bonding within community.The interviews showed that NGOs are deeply committed to both climate change and adaptationmanagement at the community level.Education outreach could first explainLIDs at the household level, in particular topreventpaving or to increaseunpaving/depaving of yards. Raising salience could accomplish a change of perspective on stormwater from a nuisance to a valued resource (Brown, 2005) . This would change the format of the game, making contributions to stormwater management a publicgood that generates immediate private benefits to the contributors. Strengthening social links within the heterogeneous population of Winter Hillis another task for NGOs.Stronger bonds within community increase commitment to the common good and facilitate dissemination of information about LIDs techniques and benefits through word of mouth.
Conclusion
This paper described institutional and individual challenges to low impact development (LID) as an adaptation strategy for climate change from both literature and case study perspectives. LID was found to be favorable as an adaptation strategy because it is distributed, flexible, modular, and scalable. These characteristics make it possible to envision solving the social dilemma of providing efficient protection to stormwater flooding with institutional solutions on the basis of current knowledge on public good provision.
Individual contributions to the public good are possible for each local resident or stakeholder by implementing a LID at his/her own level. Emergence of a specific polycentric institutional setting empowering these contributions, facilitating group interaction at a very local level, and paving the way for efficient communication between households and policy makers is a condition for an efficient development of stormwater management through LIDs. Hence a polycentric governance system (Ostrom, 1999) could enable action towards stormwater management as early as possible, before it crosses thresholds meaning pollution impacts or even higher risk for citizens in low places. Neighborhood communities, municipalities and larger administrations can respectively communicate with landholders, facilitate LID siting through financial help, demonstration projects, and provision of suitable norms.
Interviews at various action levels in Somerville show that despite some existing barriers, such as lack of clear delineated boundaries and nested management organizations,several conditions for the emergence of such institutional settingshave already been met, including a stated readiness for action at many levels of government. Outreach and empowerment of residents to develop and maintain LID is ongoing through the work of government agencies and NGOs. Increasing communication between actors may improve education dissemination. However, it is apparent that the shared perception of the reality of climate change is not itself sufficient to 
